Indoor skin-contact surfaces of public fitness centers may serve as reservoirs of potential human transmission of methicillin-resistant Staphylococcus aureus (MRSA). We found a high prevalence of multi-drug resistant (MDR)-MRSA of CC59 lineage harboring a variety of extracellular toxin genes from surface swab samples collected from inanimate surfaces of fitness centers in Memphis metropolitan area, USA. Our findings underscore the role of inanimate surfaces as potential sources of transmission of MDR-MRSA strains with considerable genetic diversity.
Community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA), contagion with varied severity ranging from superficial skin and soft tissue infections to lifethreatening conditions, including endocarditis, bacteremia, and necrotizing pneumonia, has emerged as the major cause of human staphylococcal infections. 1, 2 Recent literature reported the diversity in the clonal and molecular characteristics of CA-MRSA, making it almost indistinguishable from its healthcare-associated counterpart (HA-MRSA). 3 Inanimate surfaces may serve as environmental reservoirs for CA-MRSA transmission; and for public fitness and sports facilities where skin contact is common, this amounts to be a matter of grave concern. 1 However, the information on the molecular characteristics of the environmental MRSA isolates from fitness centers and sports facilities is limited, and therefore warrants more investigation. In a recent metagenomics-based study reporting the overall bacterial diversity of the common fitness center surfaces revealed an abundance of operation taxonomic units (OTUs) attributable to Staphylococcus species. 4 In this brief communication, we report the prevalence, multi-drug resistance, and molecular characteristics of the MRSA isolates from fitness centers in Memphis metropolitan area in Tennessee.
METHODS
The sample collection procedures have been described in a previous study. 4 Briefly, a total of 32 samples were collected from the skin-contact surfaces on exercise equipment (nautilus machine, stationary bike, treadmill, elliptical machine, power strider, and leg press), dumbbell, toilet handles, and handrails on stairs from four membership-based fitness centers around the Memphis metropolitan area. The presumptive S. aureus colonies were isolated and identified by plating on BBL TM CHROMagar TM MRSA plates (BDCM) (BD Diagnostics, USA) followed by sub-culturing on Mannitol Salt agar (MSA) (Thermo Scientific™ Remel™ MSA, USA), and by coagulase and catalase tests. Further, the molecular identification of the cultures was done by amplifying staphylococcal 16S rRNA gene, as well as mecA, femA, and femB genes associated with the methicillin resistance property of S. aureus (details of the methods are provided in the Supplementary Information). Antimicrobial susceptibility testing was performed using the 
RESULTS AND DISCUSSION
Twenty-nine samples (90.6%) yielded presumptive positive colonies for Staphylococcus spp. Among these, 12 (37.5%) isolates were positive for MRSA as determined by the presence of mecA, femA, and femB genes. All MRSA isolates exhibited resistance characteristics to multiple (7 to12) antibiotics. The MLST analysis revealed that all isolates belonged to clonal complex 59 (CC59) or sequence type 59 (ST59), a distinct CA-MRSA genotype reported in other countries. 5 The distribution of enterotoxin genes among the twelve isolates showed the following profile: sec (12 isolates), sea (9 isolates), sed (9 isolates), see (9 isolates), and seb (6 isolates). Toxic shock syndrome toxin-1 gene (tst) was detected in all twelve the isolates, however, none of the isolates carried the pvl gene. All isolates were eta positive but etb negative. The PFGE analysis revealed ten distinct pulse-field types (PFT) with three of the isolates (S3, S10, and S14) shared identical PFT ( Figure 1 ). Among these identical PFT isolates, S10 and S14 were recovered from toilet handle and dumbbell, respectively of the same fitness center while S3 was isolated from a stationary bike of another facility.
In our study, all MRSA isolates had a common lineage -CC59/ST59 with multifarious genotypic background. However, unlike typical CA-MRSA, the isolates were found to harbor a type II SCCmec element and did not carry pvl genes. A significantly heterogeneous global epidemiology of MRSA clones (specially CA-MRSA) is apparent from several recent reports. 3 Likewise, the CC59 clones isolated in the current study showed a unique combination of genotypic traits. Previous reports from various parts of the world have shown significant genetic diversity of CC59 strains. 5, 6 For example, the "Taiwan clone" was reported to carry the type V T SCCmec element and pvl genes, while the "Asian-Pacific clone" usually carried a type IV SCCmec element but no pvl genes. 6 In Western Australia, at least six different groups of CC59 strains had been isolated. 5 The current study is the first report of the prevalence of CC59 MRSA in indoor environments in the US. Most of the CC59 isolates reported from other countries were human isolates (e.g., isolated from skins, soft tissues, nasal swabs, etc.). We believe the CC59 clones found in our study may have been transferred from humans to the commonly used equipment surfaces of fitness center as a result of contact with human skin. Another important finding of the current study is that all isolates showed resistance to clindamycin and tetracycline. In addition, most of the strains showed resistance to multiple other antibiotics. Half of the isolates (6 out of 12) recovered from this study were found to be resistant to linezolid which is one of the few antibiotics reported to be effective against MRSA. 7 To the best of our knowledge; the present study is the first report of isolation and prevalence of linezolid-resistant MRSA strains from Memphis area. Previously a large hospital outbreak of linezolid-resistant enterococci (LRE) infection has been reported from this area. 8 The levels of antibiotic resistance were shown to vary significantly in CC59 MRSA, for example, CC59 strains from Taiwan showed much higher multi-drug resistance compared to a CC59 MRSA-type strain USA1000. 6 Healthcare-associated infection (HAI) caused by MRSA has been a long-standing challenge in Memphis area as reported by the Tennessee Department of Health (TDH). The TDH HAI database reveals that several healthcare facilities in this area frequently report a standardized infection ratio (SIR) of 2.0 or more which is above the national guideline of 1.0. 9
Our study reveals a high prevalence of MDR-MRSA of CC59 lineage consisting of a variety of extracellular toxins in a relatively small catchment area (Memphis metropolitan) and limited sample size. Recently, the presence of high-level multi-drug resistant (MDR)-MRSA was also reported from recreational beaches and in built environment in the US. 2 However, the emergence of CC59 MRSA in the US may be a matter of concern as clones belonging to this sequence types are known to colonize very efficiently in the nasal cavities of children. 10 Moreover, acquisition of multidrug resistance mechanism in CC59 is significantly different from many other MRSA strains and these strains are reported to harbor more resistance genes than other MRSA types. 5, 10 In this study, we report the microbiological results from environmental samples, and therefore these results alone cannot be associated with the colonization or infections of the 
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Methods Details for Molecular Characterizations
SSCmec genotyping. Multiplex PCR was performed for SCCmec and ccr typing as described previously. [1] [2] [3] IVd, and V, 2 pairs of primers for the mec gene, 4 primers for types 1, 2, or 3 ccr, and 1 primer pair for type 5 ccr. The details of primers used for SCCmec and ccr typing are described in Table   S1 .
Identification of toxin genes by PCR.
A multiplex PCR was performed to identify the presence Staphylococcal toxin genes (sea, seb, sec, sed, see, eta, etb, and tst) as described previously. 1, 4 The details about the primers are described in Table S2 . Additionally, another PCR reaction containing lukFS-PV primers (Table S2 ) was performed for identifying the Panton-Valentine leukocidin (PVL) toxin gene following the protocol described earlier. 1 
Pulsed-field gel electrophoresis (PFGE) and multi-locus sequence typing (MLST).
Isolates were subjected to PFGE and MLST as described previously. [5] [6] [7] 
